Isolation of Campylobacter spp. from Stool Specimens with a Semisolid Medium
Endtz et al. (1) published a comparative study of six media for the isolation of Campylobacter spp. from stool specimens. This is a very interesting study, which includes the use of our semisolid selective motility (SSM) medium. We were surprised to observe that only 72% of the Campylobacter spp. cultured on all six media were isolated with SSM medium. We previously reported that 95% of Campylobacter spp. recovered on three different media were isolated with SSM medium (3) . As noted in the article, their "gold standard" included six media, whereas our "gold standard" included only three; still, we do not believe that this accounts entirely for this significant difference.
Endtz et al. (1) suggested that we would have noticed similar results had our media been incubated for 72 instead of 48 h. This is correct for investigators using jars, particularly if they are incubated at 37°C, as in their study for the charcoal-based selective medium and charcoal cefoperazone deoxycholate agar medium. However, incubation for 72 instead of 48 h does not lead to a significant number of additional isolates if plates are incubated in a special incubator at 42°C, as in our study (4) . We cultured 4,580 stool specimens for the presence of Campylobacter spp. on our solid selective medium (2) ; the plates were incubated at 42°C in a special incubator for 24, 48 , and 72 h. We isolated Campylobacter spp. from 361 patients; 263 cultures were positive after 24 h of incubation, 95 were positive after 48 h, and only 3 were positive after 72 h of incubation. We consider the SSM medium to be suitable for incubation in ajar, even with a candle. Indeed, in additional studies we tested 4,598 stool specimens for Campylobacter spp. by means of solid (3) and semisolid (4) selective media incubated at 42°C for 48 h. We found 206 patients positive for Campylobacter spp.; 190 were positive with the solid medium incubated in the special incubator and 189 were positive with the semisolid medium incubated in the candle jar.
We believe that there may be two reasons why the SSM medium did not perform as well in the study of Endtz et al. First , it has been shown that the change in agar manufacturer or lot number markedly affects the performance of the semisolid selenite fecal agar for the isolation of salmonella from stool specimens (5). We obtained the best results with Difco Bacto-Agar (the manufacturer who provided the agar was not reported in the study by Endtz et al.). Second, it is clear that the basal broth is also crucial for successful use of the semisolid medium. In our study, we compared MuellerHinton (GIBCO), brain heart infusion (Difco), brain heart infusion PAB (Difco), thioglycolate (bioMérieux), Trypticase soya (Difco), nutrient (Difco), and Brucella (Difco) broths. We appreciate the comments of Goossens and Butzler on our experiences with the semisolid selective motility (SSM) medium. In an earlier study (2), they reported an isolation rate of 95% with SSM medium, in contrast to only 72% in our study (1) . We explained this difference (i) by our use of the results of six media as the "gold standard" in contrast to their use of three media, and (ii) by our incubation time of plates in jars of 72 h, instead of their incubation time of 48 h. Goossens and Butzler do not believe that the different "gold standards" explain the discrepancy; we agree that this difference alone may not account completely for the lower performance of our medium.
Their remarks on the influence of the incubation system and temperature are welcome and clarify both of our experiences with the effect of these parameters. Their comments on the differences in broths and agars are well taken. We 2682 LETTERS TO THE EDITOR used Oxoid agar no. L 13, whereas they obtained the best results with Difco Bacto-Agar. We used Mueller-Hinton broth no. 12322 of BBL Microbiology Systems.
In view of the differences in performance of various broths and agars, their advice for caution in drawing final conclusions regarding the causes of the discrepancy observed sounds perfectly reasonable.
A recently described semisolid blood-free selective motility medium (SSM) (J. Goossens patients with diarrhea. A total of 1,980 specimens were tested, 161 of which were found to be positive for campylobacters. Campylobacterjejuni was isolated in 148 specimens (91.9%), C. coli was isolated in 12 (7.5%), and "C. upsaliensis" was isolated in 1 (0.6%). After 72 h of incubation with a single medium, the cumulative percentages of Campylobacter-positive specimens isolated on CSM, CCDA, SKM, and SSM were 87, 83, 80, and 72%, respectively. The filter method alone enabled us to recover 61% of all campylobacters. The "C. upsaliensis" strain was isolated by this method only. The highest isolation rates were observed when two media, including CSM, were combined. The combination of CSM and SSM yielded the highest rates (96%), but these were not statistically different from the rates observed with combinations of CSM and SKM (94%) or of CSM and the filter method (91%). Extending the incubation time from 48 to 72 h led to an increase in the isolation rate regardless of the medium used (P < 0.001). CSM and CCDA were the most selective media. SKM and CampyBAP appeared to be the most inhibitory media for the isolation of C. coli.
Campylobacter jejuni and C. coli are now recognized as significant causes of diarrhea in humans. Recently, however, several more unusUal Campylobacter species have been associated with human disease. Several authors have suggested that the clinical significance of Campylobacter species must be extended to include "C. lari," C. cinaedi, C. hyointestinalis, C. jejuni subsp. doylei, C. cryaerophila, and "C. upsaliensis" (6, 16-18, 22, 23) .
Different selective media containing antimicrobial agents have been described for culturing camnpylobacters from feces. Combinations of antibiotics have been used to supplement basal media containing blood as well as blood-free, charcoal-based media (11, 12) . The more unusual campylobacters mentioned above, however, may be susceptible to one or more of the antimicrobial agents incorporated in these media. "C. upsaliensis," for instance, is in general highly susceptible to cefoperazone, colistin, vancomycin, rifampin, and trimethoprim (8) . Therefore, a filtration technique first described in 1972 by Dekeyser et al. (5) was reintroduced in 1984 by Steele and McDermott (20) and reevaluated by Bolton et al. (4) . More recently, a new semisolid blood-free selective motility medium (SSM) was described by Goossens et al. (9) . This medium was found to be very selective as well as sensitive.
The present study was undertaken to assess two charcoalbased selective media (11, 12) , two blood-based media (3, 19) , the filtration method, and the semisolid motility agar of Goossens et al. (9) (SSM). This evaluation was also designed to determine which combination of two media or medium and method would allow the optimal recovery of Campylobacter species.
MATERIALS AND METHODS
Media. The charcoal-based selective medium (CSM) (12) Approximately 70% of the samples were tested on the day of collection; almost 88% were tested within 24 h, and 96% were tested within 48 h.
Inoculation. Approximately 0.5 g (or 0.5 ml) of feces was suspended in 3 ml of brain heart infusion broth. Selective agars were inoculated with 2 drops of the fecal suspension delivered with a Pasteur pipette. The semisolid agar was inoculated directly with a loopful of feces placed in the medium at the periphery of the plate (diameter, 50 mm). For the filter technique, a cellulose membrane was applied to a blood agar plate. Six drops were delivered with a Pasteur pipette to the top of the membrane and allowed to filter at 37°C. The filters were removed after 1 h, and the plates were incubated.
Incubation. All culture plates were incubated microaerobically by including H2-and C02-generating envelopes without catalysts (GasPak 70304; BBL) in anaerobic jars (I3BL). The manufacturer advises against this practice because of the explosiveness of accumulated H2. However, the low explosive level of H2 is probably never reached, so this practice has therefore been used on a fairly large scale throughout Europe. SKM, CampyBAP, and SSM were incubated at 42°C. These media were originally designed for use at 42°C. SKM has already been shown to lack selectivity when used at 37°C (4). CCDA and CSM are, however, selective at 37°C. Therefore, we decided to incubate CSM, CCDA, and the medium used with the filter method at 37°C. All plates were incubated for 3 days and inspected daily.
Identification. Presumptive identification was based on colony morphology, Gram straining, and oxidase and catalase tests. In addition, the strains were tested for hippurate hydrolysis, growth at 25 and 42°C, and susceptibility to nalidixic acid and cephalothin. Nalidixic acid-resistant strains were further screened for H2S and DNase production (12) (13) (14) , anaerobic growth in the presence of 1 g of trimnethylamine-N-oxide hydrochloride per liter, and growth on Mueller-Hinton agar supplemented with 1.5% NaCl (2). These reagents enabled us to differentiate between nalidixic acid-resistant C. coli and "C. lari."
Semiquantitative scoring of growth. 
RESULTS
In total, 161 campylobacter strains were detected in 1,980 stool specimens by all media. C. jejuni was isolated in 148 specimens (91.9%), C. coli was isolated in 12 (7.5%), and "C. upsaliensis" was isolated in 1 (0.6%). The differences in isolation rates at the two locations were not statistically significant. The isolation rate for samples plated on the day of collection was not different from that for those plated on the other days. With the exception of the "C. upsaliensis" strain, which was isolated only by the filter method, all strains were isolated by at least two different media.
Isolation of campylobacters by one medium or method. The cumulative numbers and percentages of specimens found positive for campylobacters by one medium or method are shown in Table 1 .
After 72 h of incubation, CSM, CCDA, and SKM enabled us to recover the highest numbers of campylobacters. The differences in isolation rates among these three media were not statistically significant. A total of 128 strains were isolated on both CCDA and CSM, 6 strains grew only on CCDA, and 12 strains grew only on CSM; none of these were C. coli.
Extending the incubation time to 72 h instead of 48 h led to significant increases in isolation rates with all separate media (P < 0.001).
Isolation of campylobacters by two media or by a medium combined with the filter method. Table 2 shows the numbers and percentages of specimens found positive for campylo- Semiquantitative scoring of growth of campylobacters. The growth of campylobacters after 72 h of incubation did not reveal major differences among the four selective agars. The filter method, however, yielded less abundant growth of campylobacters (P < 0.05).
Semiquantitative scoring of growth of contaminants. After 72 h of incubation, SKM was the least selective medium (Table 3) . A total of 1,820 of the 1,980 inoculated SKM plates showed growth of contaminants. More than half of these were heavily contaminated. CSM and CCDA appeared to be the most selective agars. Almost 40% of the 1,980 inoculated plates showed no growth of contaminants after 72 h of incubation. The predominant contaminants on these two media were Candida spp., which could always be easily differentiated from Campylobacter spp. by colony morphology.
Isolation of C. coli. The rate of isolation of C. coli was significantly lower on CampyBAP than was that of C. jejuni on this medium (42 versus 72%; P < 0.01). The rate of isolation of C. coli on SKM was lower as well (58 versus 82%; P = 0.05). The highest rates of isolation of C. coli were found on CSM and CCDA (83 and 75%, respectively).
DISCUSSION
Our findings confirm the results of previous studies (4, 12, 15) that the charcoal-based media CSM, CCDA, and SKM are effective for isolating Campylobacter spp. from clinical specimens ( Table 1) . CSM yielded the highest number of isolates in this study (Table 1) , but no statistical significance was achieved when CSM was compared with CCDA and SKM. However, CCDA and CSM were markedly more selective than was SKM (Table 3) . SSM, CampyBAP, and the filter method were the least successful after 72 h of incubation.
Only 72% of the campylobacters cultured by all media were isolated on SSM (Table 1 ). This rate is lower than that reported in a study by Goossens et al. (9) The difference in isolation rates between SKM (80%) and CampyBAP (75%) was not statistically significant.
The filter method was the least sensitive method (61%). This isolation rate is lower than that reported by Bolton et al. (4) with the same 0.65 p.m-pore-size cellulose acetate filter purchased from the same manufacturer. These authors extended the incubation time to 7 days. However, only one additional strain was isolated between days 3 and 7. Thirteen percent of the plates were heavily contaminated in our study ( Table 3 ). The failure to isolate campylobacters by this method may be explained partially by the heavy growth of contaminants.
We found CampyBAP and SKM to be less suitable media for the isolation of C. coli. CSM isolated the highest numbers of C. coli, in accordance with the findings of Gun-Munro et al. (10) . They isolated considerably more C. coli on CSM than on SKM. Ng et al. (15) also found CSM to be less inhibitory for the recovery of C. coli. However, in their study C. coli generally grew well on SKM.
Extending the incubation time to 72 h led to a significant increase in isolation rate, regardless of the medium used, stressing the importance of the recommendation made by Bolton et The more unusual campylobacters, such as "C. upsaliensis," are in general highly susceptible to drugs, such as cefoperazone, vancomycin, and trimethoprim, that are present in selective media (8) . In a recent study (8) , only 4 of 99 "C. upsaliensis" strains were isolated on selective media. All strains were recovered by a filter method. However, Taylor et al. (21) and Walmsley and Karmali (24) isolated "C. upsaliensis" strains on CCDA and CSM, respectively.
Overall, it is likely that none of the presently available selective media are entirely satisfactory for the isolation of these catalase-negative or weakly positive (CNW) strains (7) . Consequently, CNW campylobacters may be a more common cause of gastroenteritis than has been recognized, since they often remain undetected (15) . Maximal recovery of "C. upsaliensis" will probably require a combination of a selective agar and a membrane filtration method.
On the basis of the present study, we conclude that when the maximal recovery of Campylobacter spp. is sought, a combination of two media, including CSM, will lead to high isolation rates. Since CSM and CCDA were more selective than were the other media, the greater ease of detection of VOL. 29, 1991 1009 suspected colonies on these media may be advantageous. Although CSM in combination with SSM isolated the highest numbers of campylobacters, no statistical significance was achieved in comparisons with CSM and SKM or CSM and the filter method. Since we isolated only one "C. upsaliensis" strain, no recommendation with respect to the isolation of CNW campylobacters can be made on the basis of the presented data. We have not been able to confirm the high sensitivity of the semisolid medium reported by Goossens et al. (9) . Additional studies should be performed to evaluate this medium.
